Abstract -The recent trend of the thin film deposition is to prepare ceramics films capable to endure the violent environments such as a corrosive pollutant gases of high temperature. Different kinds of plasma species existing in the same space are advantageous to facilitate a reactive deposition between the gaseous and metallic species. In this work, we study a carbon shunting arc that triggers a gas discharge using a positively-biased electrode. An electrode with a positive voltage of up to 500 V was set nearby the carbon shunting arc source. Nitrogen, methane, or argon was used as an ambient gas. The induced plasma was generated with a time delay from the shunting arc generation moment. The electrical and optical characteristics of the discharge were studied. The onset time of the induced plasma as a function of the ambient gas pressure has a Paschen-like V-shaped characteristic. The generated plasma includes both carbon and gaseous species. At the surface of the positively-biased electrode, both spectrum emissions of carbon and gaseous species are observed, by which the plasma is confirmed to be mixed. This is based on the spectrum observation in addition to the change of the color of the plasma. Shunting arc is an easy production method for generation of a hybrid plasma consisting of metallic (including carbon) and gaseous species. This method is promising to efficiently prepare ceramic films by reactive deposition. This method is simple and both plasma species of metal and gas particles are easily mixed. The carbon shunting arc plasma plays both roles of supplying the carbon species and triggering a gaseous plasma as an induced plasma.
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I. INTRODUCTION Metallic species have been used not only for ion source application but also for film deposition by PVD (physical vapor deposition) or CVD (chemical vapor deposition) [1, 2] . The recent trend of the thin film preparation is to prepare ceramics films to endure the violent environments such as a corrosive pollutant gas environment with high temperature. The efficient reactive deposition system under a large volume of plasma is desirable. There are advantages for a hybrid plasma consisting of metallic and gaseous species to enhance the reaction between these species to prepare functional films. In plasma-based ion implantation and deposition (PBII & D) system, three dimensional substrates are treated for surface modification [3] .
A pulsed plasma may be desirable for non-gas ion implantation, because it becomes possible to suppress undesirable surface deposition of the ions by employing a synchronized pulse bias of the substrate. When metallic or carbon arcs are produced, a triggering method for generation, such as a trigger pin, evaporation of metals is always needed [4] . No triggering system is desirable for the plasma production for the simple construction of the plasma sources.
The shunting arc is one of the plasma production methods for solid-state materials including metal plasmas without any external trigger source. The shunting arc is ignited or triggered by self-heating of the rod to increase the vapor pressure and/or to emit thermoelectrons around a rod which is connected to a stored capacitor. A series of articles concerning the shunting arc discharge have been shown in [5] - [13] .
Different kinds of plasma species existing in the same space are advantageous to facilitate a reactive deposition between the gaseous and metallic species. In this case, both plasma species are activated. When a carbon shunting arc plasma is generated in methane gas, a hydrogen content of the prepared amorphous carbon films is controlled [13] . When a metallic shunting arc is generated in a hydrocarbon gas, metallic species may be doped in prepared DLC films.
In the present study, the gas plasma was generated by the shunting arc triggering using a positively-biased electrode set nearby a shunting arc source. It is expected by this method that species both from the shunting arc discharge plasma and from the gas plasma are mixed by a simple construction of the system, that is, a positivelybiased electrode is set in the process chamber to make a large potential difference from the plasma source. This accelerates electrons toward the positively-biased electrode to induce a gas plasma. Thus, the species of the solid materials (in the present case, carbon) are mixed in the gas plasma, which results in making a large volume of the plasma consisting of carbon and gaseous species. Fig.3 . The holders were fixed to a plastic board using a ceramics plate (1 mm-thickness, 10 mm width, and 100 mm-length), and two bolts.
A positively-biased disc-shaped electrode of 100 mmdiameter by 10 mm-thickness facing the shunting arc generation unit was positioned at 100 mm apart from the generation unit. The base pressure for evacuation was 103Pa using a pumping system with two rotary pumps (RP1 and RP2) and a turbo molecular pump (TMP). A PTFE tube (1/4 in. diameter) was set to introduce the gas such as nitrogen and methane into the chamber. The gas pressure was adjusted using a mass flow regulator. The visible light emission was observed using a spectroscope with a gated ICCD (Intensified charged couple device, Andor type DH5 10) . The observation point was focused using a collimator lens set in front of the spectroscope. The grating was 150 Gr/mm (Blaze wavelength: 400 nm) and the gate time of the ICCD was fixed at 100 ns. When the emission spectra of the plasma at the surface of the positively-biased electrode were observed, the focal point is adjusted on the electrode surface.
The current through the circuit was observed using a current transformer (Pearson, type 11 Fig.3 depicts waveforms showing the electrical characteristics of the shunting arc and rod heating. Fig.3(a) -Fig.3(c) shows current through the circuit and voltage across the rod, power, energy, and resistance, respectively. The power P = i x v, where i is current and v is voltage. These values are shown in Fig.3(a) Fig.4 (b) that a plasma is induced by the shunting arc discharge triggering and the current appears at the positively-biased electrode. The initiation time of the induced plasma tends to be delayed with increasing the nitrogen pressure. As a common characteristic at the initial stage, the current linearly increases with time, and shows a dip, a discontinuity of the current, followed by a sinusoidal shape. It was recognized that no induced plasma current was observed at pressures higher than 140 Pa. Fig.5 shows a still photograph of the one-shot discharge at a nitrogen pressure of 16 Pa. The dashed circle in the figure is a field of vision. It is seen that the induced plasma is generated in the region between the positively-biased electrode and the shunting arc source. It is also noticed that the plasma consists of two structures. One is a uniform glow-like plasma with a mixed color of blue and red in the right-hand side. Blue and red colors are originated from the shunting arc and the nitrogen plasma, respectively. The other is a beam-like plasma with a color of bright red with a clear edge, which is generated in the left-hand side. This is seen in the side of the positively-biased electrode. Thus, an induced plasma consists of a uniform glow-like plasma and a beam-like plasma. A beam-like plasma with a higher intensity of red compared to that of the ambient region is also seen in the center of the left hand side is bridged between the mixed plasma and the positively biased electrode.
The induced plasma is generated also in a methane environment. Fig.6 shows the onset time of the induced plasma as a function of the methane pressure for positive bias voltage of 200 and 500 V. In both cases, the onset time shows a V-shaped Paschen-like characteristic against the methane pressure, and the minimum onset times are in a pressure between 5 and 15 Pa. Inherently, the characteristic is similar for different gas environment.
On summary, the shunting arc voltage is maintains constant of approximately 50 V during the arc. When a dc voltage is applied to the external electrode set nearby the shunting arc source, a plasma is induced. A current dip is seen to be accompanied by the induced plasma generation and the generation time of the induced plasma shows a V-shaped Paschen-like characteristic with the ambient pressure. B spectrum observation
The mixing of the shunting arc and the induced plasma is checked by shunting arc generation in argon gas environment. Fig.7 shows the spectra of the induced plasma observed at the surface of the positively-biased electrode at 200 V for an argon pressure of 0.7 Pa. The observation time was 28 Vis starting from the rod heating. Both emissions from carbon and argon particles are observed. This means that argon as an ambient gas was ionized in the induced plasma triggered by the shunting arc discharge. It is noticed that the carbon species generated by the shunting arc discharge arrive at the positively-biased electrode due to the driving by a pulsed plasma generation. Thus, it is confirned that a hybrid plasma consisting of argon and carbon species is made, and the shunting arc and its induced plasma is mixed.
IV. CONCLUSION The carbon shunting arc triggers a gas plasma using a positively-biased electrode. It is confirned that both plasma species are mixed. The state of mixing is dependent on the ambient gas pressure.
In a low pressure region of under 1 Pa, a glow-like plasma is observed at the gap between the positivelybiased electrode and the shunting arc source and its color is mixed with blue from the shunting arc and red from the nitrogen plasma. Carbon species generated in the shunting arc discharge arrive at the positively-biased electrode.
In a middle pressure region between 1 and approximately 100 Pa, a beam-like arc plasma partially bridges over the gap between the positively-biased electrode and the edge of the glow-like discharge. There is a discontinuity of the current waveforn during the induced plasma. The current discontinuity corresponds to the change of the emission spectrum intensity of the induced plasma. These may be closely related each other; that is, the induced plasma is firstly generated in a state as a uniforn glow-like plasma, followed by a beam-like plasma partially bridged over the gap, while a glow-like discharge remains in the rest of the region.
In a high pressure region of over approximately 100 Pa, the diffusion of the shunting arc is suppressed and no induced plasma is generated. A flare having a root on the positively-biased electrode is observed, but no bridging-over phenomenon.
From the emission spectra from the shunting arc discharge plasma and its induced plasma, it is confirmed that the shunting arc triggers the gas discharge and ionizes the gas species. The onset time of the induced plasma has a V-shaped Paschen-like characteristic against the ambient pressure.
